OBJECTIVE-To 1) compare associations of diet-quality scores, which were inversely associated with cardiovascular disease, with incident type 2 diabetes and 2) test for differences in absolute-risk reduction across various strata.
T ype 2 diabetes remains a major cause of morbidity and mortality worldwide. By 2030, nearly 400 million people will suffer from type 2 diabetes (1). Although the major cause of type 2 diabetes is overweight, which is determined by energy imbalance, diet quality plays an important role (2) .
"High-quality" or "prudent" diets are rich in fruits and vegetables, and are associated with a reduced risk of cardiovascular disease (CVD) (3) . This is attributed to lower blood lipids, blood pressure, and inflammation (3) but may also be due to lower blood glucose and diabetes risk (2) .
Thus, high quality diets have the potential to substantially reduce the global burden of several important chronic diseases.
Dietary guidelines for large populations are beginning to reflect high-quality diets. In 1994, the Healthy Eating Index (HEI) was developed from the Dietary Guidelines for Americans (4) . This 100point score awards points for dietary diversity; higher intakes of grains, vegetables, fruit, and milk; and lower intakes of meat, total fat, saturated fat, cholesterol, and sodium. In the Health Professionals Follow-Up Study and the Nurses' Health Study, the HEI was associated with a modest reduction in the risk of CVD (5, 6) , however its relationship with type 2 diabetes has not been studied. Since the HEI does not award points for carbohydrate quality (e.g., amount of whole grains), it might not be strongly associated with type 2 diabetes. The relationship between other high-quality diet scores, such as the Dietary Approaches to Stop Hypertension (DASH) Score, and type 2 diabetes has also not been studied, despite them being inversely associated with CVD (7) .
It is also unclear whether preexisting diabetes risk factors, such as a high BMI, affect the extent to which high-quality diets are associated with lower absolute risk rather than lower relative risk. A deeper understanding of which subgroups benefit from high-quality diets in terms of number of cases could greatly improve the success of public health messages.
For these reasons, we evaluated the relationship between several diet-quality scores designed for use in the U.S. population with risk of type 2 diabetes in a well-characterized cohort of men. We also tested whether age, smoking status, alcohol intake, family history, physical activity, and BMI altered these relationships when diabetes incidence was the outcome.
RESEARCH DESIGN AND METHODS-The Health Professionals
Follow-Up Study is a prospective cohort study of 51,529 male health professionals. Questionnaires were mailed to participants every 2-4 years, beginning in 1986, to assess lifestyle and health status. Approximately 94% of participants completed more than one follow-up questionnaire.
Diet-quality scores
Participants completed food-frequency questionnaires (FFQs) every 4 years, which were validated against diet records (8) . Correlations for dietary patterns (prudent = 0.5), macronutrients (protein = 0.4, total fat = 0.6, and carbohydrate = 0.7), and minerals (sodium = 0.5, potassium = 0.7) were similar (8, 9) . Reliability of the FFQ was assessed by repeat annual administration, and correlations were between 0.5 and 0.7 (8, 9) .
Diet-quality scores were selected from the literature and publications from our research group ( Supplementary Table A ). These scores included the HEI as revised in 2005 (HEI-2005), which was adapted to our FFQs by T.T.F. and S.E.C. It includes updated recommendations on whole grains, dark green and orange vegetables, and legumes (4). McCullough et al. (10) created the alternative HEI (aHEI) by combining fruit and vegetable categories (e.g., total plus whole fruits), eliminating others (e.g., total grains), and adding foods associated with chronic disease in recent studies (e.g., nuts, cereal fiber). The 51-point Recommended Food Score (RFS) was developed by Kant et al. (11) to measure dietary diversity in the National Health and Nutrition Examination Survey. It awards points for weekly intake of 51 foods (e.g., fruit, vegetables, whole grains, lean meats, and low-fat dairy) and was adapted by M. McCullough and L.d.K. for our FFQs (10) . The alternative Mediterranean Diet (aMED) Score was developed by Fung et al. (12) from the 9-point Trichopolou MED Score and awards one point for above-median intakes of vegetables (no potatoes), legumes, whole grains, fruits, nuts, and fish; ratio of monounsaturated to saturated fat; moderate intakes of alcohol; and below-median intakes of red and processed meat. The 40-point DASH score was developed by T.T.F. and S.E.C. and awards points for higher intakes of foods related to a lower risk of hypertension (fruits, vegetables, low-fat dairy, nuts, legumes, and whole grains) and lower intakes of harmful foods (sodium, red and processed meats, and sweetened beverages) (7) .
Confirmation of type 2 diabetes
Self-reported cases of type 2 diabetes were confirmed when at least one of the symptoms, positive diagnostic glucose tests, and medication use were reported on a supplementary questionnaire. Glucose criteria were from the National Diabetes Data Group (cases prior to 1998) and the American Diabetes Association (cases after 1998) (13) . In a validation study, 97% of cases were confirmed by medical record review (13) .
Statistical analysis
Participants with type 2 diabetes, CVD (heart attack, stroke, angina, or coronary artery bypass graft), cancer, or implausible energy intake (,800 or .4200 kcal/day) were excluded at baseline, leaving 41,615 participants.
Person-time was calculated from the return of the 1986 questionnaire until 31 January 2006, death, loss to follow-up, development of type 2 diabetes, or whichever occurred first. Associations between quintiles of diet-quality scores and type 2 diabetes were tested with Cox proportional hazard models with time-varying covariates. Diet-quality scores and dietary covariates (coffee, total energy) were calculated as cumulative averages at each time point and were not updated if participants reported a diagnosis of CVD or cancer. Coffee, which is inversely associated with type 2 diabetes, was adjusted for because it was not captured in the diet-quality scores and could result in some confounding. Other covariates were updated at each time point. A secondary analysis tested whether baseline diet quality was associated with type 2 diabetes risk.
Regression covariates were smoking (never, previous, current [1-14 cigarettes/ day or .14 cigarettes/day], or missing), physical activity (quintiles; metabolic equivalents hours/week or missing), coffee intake (quintiles; cups/day), family history of type 2 diabetes, BMI (,23, 23-23.9, 24-24.9, 25-26.9, 27-28.9, 29-30.9, 31-32.9, 33-34.9, or .35 kg/m 2 or missing), and total energy intake (quintiles; kcal/day). Missing values for smoking, physical activity, and BMI were imputed from the previous assessment. Linear trends were evaluated using the Wald test of the median diet score in each quintile.
Strength of association was evaluated by comparing risk in the top versus the bottom quintiles and continuous intakes (per 1 SD). Differences were defined as significant when the 95% CIs did not overlap. Model fit was assessed by Akaike information criteria (AIC).
Scores that were significantly associated with type 2 diabetes were included pairwise in the same model to test for independent associations. This would indicate unique, residual dietary variation related to type 2 diabetes.
To assess the public health impact of high-quality diets according to age (,65 vs. $65 years), smoking (ever vs. never smoked), alcohol intake (drinkers vs. abstainers), family history of type 2 diabetes, physical activity (low [quintiles 1-2], medium [quintiles [3] [4] , or high [quintile 5]), and BMI (,25, 25-30, or $30 kg/m 2 ), we stratified our analysis and performed interaction tests over the entire follow-up using absolute risk as the outcome. Interaction significance was evaluated using the Wald test of cross-product terms (e.g., median diet score times median BMI).
Analyses were repeated with continuous covariates to assess residual confounding.
SAS version 9.1 (Cary, NC) was used for analysis, and a P value # 0.05 was considered statistically significant.
RESULTS

Baseline characteristics
The mean of the HEI-2005 was 67.4 (SD 9.8), aHEI score 44.2 (11.2), RFS 17.6 (7.3), aMED score 4.3 (2.0), and DASH score 23.8 (5.4) . Higher scores were associated with a significantly higher glycemic load and cereal fiber intake except for the HEI-2005, which was associated with a lower glycemic load (Table 1) . Higher scores also were associated with significantly higher intakes of polyunsaturated fat and lower intakes of trans fat and heme iron. All scores were associated with a lower BMI, higher physical activity, and a lower prevalence of current smoking. Alcohol intake was inversely associated with all scores except for the aHEI, which was associated with higher alcohol intake. The HEI-2005 had a weak inverse association with family history.
Diet scores were significantly correlated ( Supplementary Table B ), ranging from 0.80 (aHEI vs. aMED) to 0.33 (RFS vs. HEI-2005).
Cox regression
There were 2,795 cases of type 2 diabetes over 20 years of follow-up (733,291 person-years). Diet-quality scores were significantly associated with decreased risk in age-adjusted models ( Table 2) , but after multivariate adjustment the RFS and HEI-2005 were not. For example, participants in the top quintile of the DASH score had a 25% lower risk than those in the bottom quintile (P , 0.01). This reduction was not significantly different compared with the aMED (25%) or aHEI (23%) scores, although the DASH score fit the data best according to the AIC. Using a baseline measure of the dietary scores did not principally alter these results or modify the order of associations (data not shown).
Similar results were obtained using continuous scores. A 1-SD increase in the aHEI, aMED, or DASH scores was associated with 9-13% decreased risk, which was not significantly different from each other (Fig. 1 ). The DASH score had the lowest risk estimate (hazard ratio [HR] 0.87 [95% CI 0.83-0.92], P , 0.01) and fit the data best according to the AIC.
After mutually adjusting scores that were significantly related to type 2 diabetes, the DASH score remained significantly and inversely associated with risk ( Fig. 1 ).
There were significant interactions between BMI and the aHEI, aMED, and DASH scores, with absolute risk as the outcome (Table 3 ). Greater reductions in absolute risk of type 2 diabetes were observed among those who were overweight or obese compared with normal weight.
Repeating the analysis using continuous covariates did not materially alter the results (data not shown).
CONCLUSIONS-In this analysis, several diet-quality scores were associated with similar reductions in type 2 diabetes risk, which points to a common underlying dietary pattern. High-quality diets were associated with greater reductions in the number of type 2 diabetes cases among individuals with a high BMI.
The effects of high-quality diets on type 2 diabetes may be mediated by many factors. A low glycemic load minimizes postprandial glucose spiking, whereas fiber from whole grains, legumes, and nuts reduces glucose absorption (14, 15) . Both may improve insulin demand and b-cell function. Magnesium from nuts and whole grains is also a cofactor for cellular glucose uptake and oxidation (16) . Polyunsaturated fats from vegetable oils and nuts reduce postprandial triglycerides and increase skeletal muscle cell membrane fluidity and glucose uptake compared with saturated fats (17) . Lowfat dairy is included in high-quality diets to reduce the intake of saturated fat but may provide additional benefits because dairy proteins stimulate the secretion of insulinotropic peptides (18) . Mediterraneantype diets include alcohol, which, in moderation, increases insulin sensitivity by an unknown mechanism (19) . Most highquality diets restrict the intake of red and processed meat because they are major sources of saturated fat and other potentially harmful components. For example, heme iron can accumulate in tissues and potentially damage b-cells through oxidative stress (20) . Nitrates in processed meats are converted into nitrosamines in the intestines and promote insulin resistance in rodents (20) . Moreover, advanced glycation end products are formed when meat is cooked at high temperatures and induce insulin resistance in mice (20) . In support of these mechanisms, whole grains (14) , alcohol (19) , low-fat dairy (18) , polyunsaturated fat (17) , and magnesium (16) are associated with lower risk of type 2 diabetes, whereas glycemic load (15) , red and processed meat (20) , sugar-sweetened beverages (21) , and trans fat (17) are associated with higher risk in meta-analyses of prospective cohort studies. In a metaanalysis of controlled trials, legumes improved glycemic control in people with or without type 2 diabetes (22), whereas fish oil had no impact on glycemic control among patients with diabetes (23) . Interestingly, fruits and vegetables were not associated with type 2 diabetes in a metaanalysis (24) , which may be because potatoes, sometimes classified as a vegetable, have a high glycemic index and would bias associations toward the null (15) . These findings are consistent with publications from the Health Professionals Follow-Up Study and the Nurses' Health Study.
Taken together, high-quality diets should have the greatest impact on type 2 diabetes if they include whole grains, nuts, legumes, moderate amounts of alcohol, and low-fat dairy, at the expense of glycemic load, red and processed meat, sugar-sweetened beverages, and trans fat. Fruits and vegetables also should be included because they can replace harmful foods but may not be as important as other components for diabetes prevention. Fish should be included for the care.diabetesjournals.org same reason and because of its inverse association with CVD mortality (3) . Finally, sodium should be minimized because of its positive association with hypertension and CVD (7) . Among the scores tested, the DASH and aHEI reflected this evidence most strongly, whereas the HEI-2005 and RFS reflect this evidence most weakly. Not surprisingly, the HEI-2005 and RFS were not significantly associated with type 2 diabetes after multivariate adjustment. In the Health Professionals Follow-Up Study, participants in the top quintile of the original HEI or RFS had a 28% (6) and a 23% (10) lower CVD risk compared with participants in the bottom quintile. A high HEI (top vs. bottom quintile) also was significantly associated with a 14% lower CVD risk in the Nurses ' Health Study (5) . This suggests that these scores are associated with blood lipids and blood pressure but not insulin resistance.
To improve the predictive power of the original HEI on CVD outcomes, the aHEI was developed. In this study, a high aHEI was associated with 23% lower risk of type 2 diabetes and in the Nurses' Health Study was associated with 36% lower risk (25) . A high aHEI also was associated with 39% lower risk of CVD in the Health Professionals Follow-Up Study Table 2 , except for the stratifying factor. Stratified analysis using the aHEI and aMED scores yielded similar results. Participants can contribute person-time to multiple strata. and 29% lower risk in the Nurses' Health Study (10) . In the Nurses' Health Study, the aMED and DASH scores had similar associations with CVD (7, 12) . Combined with their high correlations (r . 0.71), this points to a common underlying dietary pattern. However, the DASH score provided better fit to the data and captured unique dietary variation related to diabetes risk. This could be because it includes sugar-sweetened beverages, which are associated with an increased risk of type 2 diabetes (21). However, despite these differences, the aHEI, aMED, and DASH scores were associated with nearly identical risk reductions. This is because even though some scores were not optimal, they awarded points to a sufficient number of beneficial components. This suggests that public health messages need not be overly strict, as adequate risk reductions can be achieved even if not all dietary recommendations are followed. But because these scores were associated with greater reductions in absolute risk of type 2 diabetes among the overweight and obese, public health messages should focus on improving diet quality in these groups to prevent the greatest number of cases.
Our study has several strengths. First, it is prospective, which minimizes reverse causality. Second, participants were relatively similar, which reduces residual confounding common to studies of diverse populations. Third, cumulative averages of diet scores were used, which accounts for previous dietary information and controls measurement error. Fourth, recall bias was reduced by not updating dietary data after the diagnosis of a chronic disease. Fifth, time-dependent confounding was adjusted for by using updated covariates. Sixth, a large sample size allowed for modest but potentially meaningful changes in risk to be detected.
Our study also has limitations. The first is that because of its ethnic homogeneity (most were white males), its findings may not be generalizable to other populations. The second limitation is the potential for confounding. Dietary patterns could simply be markers for factors such as health awareness. However, we controlled for many possible confounders of the relationship between diet and type 2 diabetes and used continuous diet scores and covariates to assess residual confounding.
In conclusion, several diet-quality scores were inversely associated with type 2 diabetes. These scores reflect a common dietary pattern characterized by high intake of fruits, vegetables, whole grains, nuts, legumes, and unsaturated fats; moderate intake of alcohol; and lowintake of red and processed meat, sodium, sugarsweetened beverages, and trans fat. High-quality diets may yield the greatest reduction in diabetes cases when followed by those with a high BMI.
